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Abstract
Background: The high prevalence of depression in women is an increasing public health concern.
Although studies have found associations between physical activity (PA) and depression, little is
known about the optimal domain, dose and social context of PA for reducing the risk of depression.
This study aimed to investigate associations between specific components of PA (domain, dose and
social context) and odds of depressive symptoms in women.
Methods: The sample included 1,501 women, aged 18–65. Analyses were performed using cross-
sectional data collected from a mail-out survey in 2004. The survey included self-report measures
of PA behaviours and depressive symptoms. Crude and adjusted (age, marital status and physical
health) odds ratios (OR) and 95% confidence intervals (CI) were calculated for each component of
PA and odds of depressive symptoms using logistic regression analyses.
Results: Those who reported more than 3.5 hours leisure-time PA per week had lower odds of
depressive symptoms when compared to those who undertook less than this. No other domains
of PA (eg. work-related, transport-related or domestic activity) were associated with odds of
depressive symptoms. Odds of depressive symptoms were lower among women who reported
more than 1.5 hours of moderate-intensity (OR = 0.67, CI = 0.45–0.98) or more than 1.75 hours
vigorous-intensity (OR = 0.60, CI = 0.42–0.84) leisure-time PA per week. Being discouraged to be
active by others was associated with higher odds of depressive symptoms (OR = 2.28, CI = 1.00–
5.16), whilst being active with a family member was associated with lower odds of depressive
symptoms (OR = 0.61, CI = 0.43–0.87).
Conclusion: Acknowledging the cross-sectional design, these findings suggest that the domain and
social context of PA may be more important for mental health among women than simply the total
dose of PA.
Introduction
Depression is a major cause of physical and psychosocial
illness and all-cause mortality [1]. Depression affects
more than 340 million people worldwide [2], with
women at particular risk [3]. Conventional management
of depression has typically involved treatment from clini-
cal professionals such as general practitioners, psychia-
trists, psychologists, and has included counselling and
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research has focused on the role of physical activity as a
potential component in the prevention and/or manage-
ment of depressive symptoms or clinical depression [1].
Several reviews examining observational and intervention
studies have assessed the relationship between physical
activity and depression/depressive symptoms [5-7]. These
reviews generally draw a similar conclusion: that physical
activity is positively associated with reduced likelihood of
depression or depressive symptoms. However, little is
known about the specific components of physical activity
that are important, particularly the dose, domain or social
context of physical activity that might confer mental
health benefits.
Whilst numerous studies have explored the associations
between the dose – particularly the frequency and/or
duration of physical activity – and likelihood of depres-
sion, findings from these studies were varied. A number of
observational [8-10] and intervention studies [11,12]
concluded that higher levels of physical activity (eg.
greater than 60 minutes of physical activity per week)
were associated with lower odds of depression. In con-
trast, other studies [13-16] have found that even low lev-
els of physical activity (eg. exercising as little as 30
minutes per week) was related to improved mental health.
Another study [11] has concluded specifically that the
commonly recommended 'public health dose' of physical
activity (at least 30 minutes of moderate intensity physical
activity on most, if not all days of the week) [17,18] was
an effective treatment for reducing depressive symptoms.
Conflicting results were also found in studies investigat-
ing the association between physical activity intensity and
depression. Numerous longitudinal [9], cross-sectional
[19] and intervention studies [20,21] have found that par-
ticipating in physical activity at a moderate-intensity was
significantly associated with lower odds of depression
whilst few studies have examined the relative strengths of
associations between physical activity of moderate or high
intensity and risk of depression [22,23].
Most studies supporting an inverse relationship between
physical activity and risk of depression have focussed on
leisure-time physical activity. Very little research has
investigated the association of depressive symptoms with
other domains of activity, such as work-related, transport-
related or domestic physical activity. Only three studies
have been identified which specifically compared leisure-
time physical activity with physical activity in other
domains [24-26], with all three suggesting leisure-time
physical activity was more strongly associated with lower
odds of depression than physical activity undertaken in
any other domain (domestic, transport-related, work). To
our knowledge, no previous research has compared lei-
sure-time, domestic, transport-related and work-related
physical activity with odds of depressive symptoms in the
same study.
It has been hypothesized that the associations between
physical activity and depressive symptoms may be due to
the social support and interaction that comes with physi-
cal activity undertaken in a group or social setting [27].
Little research, however, has examined this hypothesis.
Only one intervention study specifically compared physi-
cal activity undertaken alone with that undertaken with
others [22]. It found that physical activity had a moderate
effect on alleviating depressive symptoms regardless of the
social context in which it was undertaken.
The aim of this study was to examine the associations
between various components of physical activity (dose,
domain and social context) and odds of depressive symp-
toms in women using data from a large population-based
cohort of women. Due to the cross-sectional nature of this
study, only participants' current levels of physical activity
and depressive symptoms were examined. Since a dose-
response relationship has been previously reported [11],
it was hypothesized that higher doses of physical activity
(similar to that of the public health recommendations)
would be more strongly inversely associated with odds of
depressive symptoms than would lower doses. It was also
hypothesized that leisure-time physical activity would be
more strongly inversely associated with odds of depressive
symptoms than other domains of physical activity (eg.
work-related, transport-related and domestic), since activ-
ities performed during leisure-time are generally more
enjoyable and undertaken by personal choice. A third
hypothesis was that social physical activities and social
support for physical activity would be more strongly asso-
ciated with lower odds of depressive symptoms than
physical activity performed alone or without social sup-
port.
Methods
The analyses in this study were based on cross-sectional
survey data collected formerly from 1,554 women aged
between 18 and 65. Full details of the methods are
described elsewhere [28,29].
Participants
Participants were recruited from 45 Melbourne suburbs
with varying levels of socioeconomic disadvantage, which
was based on the Australian Bureau of Statistics SEIFA –
Socioeconomic Index for Areas [30]. A total of 15 suburbs
of low SEIFA, 15 suburbs of mid SEIFA and 15 of high
SEIFA (taken from the lowest septile, middle septile and
highest septile) were randomly selected and the electoral
roll was then used to randomly select women between thePage 2 of 12
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slight over sampling of women from low and mid socioe-
conomic status relative to high (ratio 1.5: 1.2: 1) to coun-
ter low response rates typically observed in low
socioeconomic status groups [30].
Two separate samples of women were randomly sent
either a physical activity survey (n = 2,400) or a healthy
eating survey (n = 2,400) and those who responded were
given the opportunity to complete the alternative survey.
Of those who were sent the physical activity survey, 1,045
women responded initially. Of those who were sent the
healthy eating survey initially, 509 women also com-
pleted the physical activity survey. Of the resulting sample
of 1554 women, 53 (3%) were excluded from analyses
because they reported being pregnant (or did not indicate
they were not pregnant). This is due to the fact that preg-
nancy is likely to strongly affect both physical activity lev-
els [31,32] and risk of depression [33]. This left a total of
1501 women whose data were included in the analyses.
Procedures
The study was approved by the Deakin University Human
Research Committee and was performed in compliance
with the Helsinki Declaration. Women selected for the
surveys received a letter in the mail, informing them that
they had been selected to take part in a study on women's
health behaviours and that the survey would soon be sent
to them. Surveys were posted out to the selected women
one week later. Following the Dilman protocol [34], non-
respondents received a mailed reminder within three
weeks and a second reminder with a replacement survey
package a further three weeks later. All respondents pro-
vided their informed consent to participate in the study.
Measures
Physical activity
Physical activity was measured using the self-completion
long form of the International Physical Activity Question-
naire (IPAQ-L), a reliable and well-validated measure
involving a seven-day recall of physical activity [35,36].
Questions included the frequency and duration of time
spent undertaking various intensities (walking, moderate
and vigorous) of physical activity in leisure-time, trans-
port-related activity, work-related activity and household
physical activity. For each of these, participants were
required to estimate the frequency (total number of days),
and duration (hours and minutes) on one of those days,
that they spent undertaking such activities in the past
week. Questions included; 'During the last 7 days, on how
many days did you do moderate activities (like washing
windows, scrubbing floors) inside your home?' and 'How
much time did you usually spend on one of those days
doing moderate physical activities inside your home?'
Total duration of physical activity was then calculated by
multiplying the frequency of activities by the duration
within each domain (leisure-time physical activity,
domestic physical activity, work-related physical activity,
transport-related physical activity). Leisure-time physical
activity and work-related physical activity were also
summed across intensities (walking, moderate-intensity,
vigorous-intensity). All physical activity variables were
then transformed into categorical variables with three lev-
els (tertiles). Those who reported being unemployed were
excluded from the work-related physical activity analyses.
Domestic (moderate-intensity only) and transport-related
(walking and bicycling) physical activity was not summed
across intensities as the questionnaire did not explicitly
examine all three intensities in those domains.
Total weekly physical activity was calculated by summing
the relevant durations across domains within each inten-
sity of physical activity. This included: total walking
(formed from leisure-time physical activity, work and
transport-related physical activity domains); total moder-
ate-intensity (formed from leisure-time physical activity,
work and domestic physical activity domains); and total
vigorous-intensity (formed from leisure-time physical
activity and work-related physical activity domains). Total
overall weekly dose of physical activity across all domains
was also calculated. All continuous measures of physical
activity were transformed into tertile categories.
Social context
Social support for physical activity was measured using
items adapted from published and validated scales [37-
40]. Participants were asked to report on a five-point scale
ranging from 'never' to 'very often' (subsequently col-
lapsed into three categories: never/rarely, sometimes, or
often), how frequently they participated in physical activ-
ity with family and friends/colleagues in the past year
[38]; whether others discouraged them from physical
activity [39]; and whether they had someone to exercise
with [39]. Participants were asked to report using a five-
point scale ranging from 'strongly disagree' to 'strongly
agree' (subsequently collapsed into two categories:
strongly agree/agree, vs. all other responses) whether they
had someone to exercise with in their neighbourhood
[37], whether they were a member of a sporting/recrea-
tional club (yes/no) [40], as well as whether they had a
dog which they walked regularly (yes/no).
Depressive symptoms
Mental health characteristics of participants were meas-
ured using the 30-item version of the General Health
Questionnaire [41]. This includes questions relating to
symptoms of depression as indicators of risk of poor men-
tal health. Questions were based on whether depressive
symptoms had been present recently (in the 'last couple ofPage 3 of 12
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been widely reported and it has been found to provide an
accurate prediction of those at risk of depression [42]. Fur-
thermore, the General Health Questionnaire has been
shown to be associated with relation to physical activity in
previous cross-sectional studies [13,43]. In this study,
total GHQ-30 scores greater than four were used to indi-
cate that the participant was currently experiencing
depressive symptoms [44].
Covariates
Age (categorized as under 30; 30–39; 40–49; or 50 years
or over), marital status (married/defacto; separated/wid-
owed/divorced; or never married) and physical health
(whether or not respondents reported the presence of a
long-term illness or disability that prevents them from
being physically active) were included in the analyses as
potentially confounding factors, since these variables
were found to be bivariately associated with the presence
of depressive symptoms in chi-square analysis. Other pos-
sible confounders including education, employment sta-
tus and having children were not associated with the
presence of depressive symptoms and were therefore not
included as covariates.
Statistical Analyses
Analyses were conducted using the SPSS version 12.0 sta-
tistical software package. Univariate analyses were per-
formed in order to describe the demographic
characteristics of participants, their participation in differ-
ent intensities and domains of physical activity, social
characteristics of physical activity, and presence of depres-
sive symptoms. Crude and adjusted (controlling for age,
marital status and physical health) odds ratios (OR) and
95% confidence intervals (CI) were then calculated for
each of the physical activity variables and presence of
depressive symptoms using logistic regression analyses.
Results
Table 1 presents the socio-demographic characteristics
and presence of depressive symptoms among participants.
The mean age of participants was 42 years. The majority of
the women were born in Australia (75%) and were mar-
ried or in a defacto relationship (65%). A total of 615
(41%) participants reported their highest qualification as
completing year 12 (or equivalent) or an apprenticeship
or certificate/diploma, with 566 (37%) having completed
a university or higher degree. Over one-quarter of the
women were employed in a professional occupation
(27%) and the majority of women surveyed did not have
children living at home (60%). These demographic char-
acteristics are comparable to those reported in other pop-
ulation-based studies conducted in Melbourne and
nationally [45-48]. A total of 421 (30%) of participants
were classified as currently experiencing depressive symp-
toms (according to the GHQ-30). This is not dissimilar to
previous findings which reported that almost 24% of Aus-
tralian women had been diagnosed with depression [49].
Table 2 shows the proportion of women experiencing
depressive symptoms according to sociodemographic and
physical activity variables from chi-square analyses. The
Table 1: Characteristics of participants
Characteristic N Percent
Age
29 yrs and under 309 21
30 to 39 yrs 382 25
40 to 49 yrs 358 24
Over 50 yrs 462 31
Country of birth
Australia 1142 75
UK 63 4
Italy 23 2
Greece 24 2
New Zealand 9 1
Vietnam 30 2
Other 239 16
Marital Status
Married or defacto 979 65
Separated widowed or divorced 203 13
Never married 339 22
Currently have an illness/long-term disability
Yes 227 15
No 1260 85
Highest Qualification
No formal or up to year 10 335 22
Year 12/trade apprentice/Certificate diploma 615 41
University or Higher degree 566 37
Main Occupation
Manager or administrator 119 8
Professional 397 27
Associate professional 123 8
Tradesperson or related worker 63 4
Advanced clerical or service worker 165 11
Intermediate clerical, sales or service worker 157 11
Intermediate production or transport worker 12 1
Elementary clerical, sales or service worker 54 4
Labourer or related worker 75 5
No paid job 235 16
Student 87 6
Children living at home (up to 18 yrs)
Yes 554 40
No 828 60
Depressive symptoms
No (<= 4) 999 70
Yes (>4) 421 30Page 4 of 12
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and social factors
Variable Category n No depressive symptoms (%) Depressive symptoms (%) P value
Age group <30 years 286 59 41 0.000
30–39 342 68 32
40–49 316 70 30
>50 years 415 80 20
Marital status Married/defacto 872 74 26 0.002
Separated/widowed/divorced 179 65 35
Never married 316 64 36
Physical health No illness/disability 1168 72 28 0.001
Long-term illness/disability 205 60 40
LTPA
Walking No walking 470 66 34 0.027
0.1–1.5 hours p/week 396 70 30
More than 1.5 hours p/week 498 74 26
Moderate No moderate LTPA 985 69 31 0.048
0.1–1.5 hours p/week 194 68 32
More than 1.5 hours p/week 181 78 22
Vigorous No vigorous LTPA 937 68 32 0.069
0.1–1.75 hours p/week 185 71 29
More than 1.75 hours p/week 239 76 24
Total LTPA Less than 0.67 hours p/week 430 65 35 0.009
0.67–3.5 hours p/week 461 72 28
More than 3.5 hours p/week 449 75 25
Work PA
Walking No walking 424 71 29 0.906
0.01–3.5 hours p/week 294 70 30
More than 3.5 hours p/week 288 69 31
Moderate No moderate work PA 488 71 29 0.955
0.1–2.67 hours p/week 257 70 30
More than 2.67 hours p/week 261 70 30
Vigorous No vigorous work PA 652 72 28 0.342
0.1–3 hours p/week 198 68 32
More than 3 hours p/week 168 67 33
Total Work PA less than 0.28 hours p/week 315 73 27 0.538
0.28–7.33 hours p/week 333 70 30
more than 7.33 hours p/week 330 70 31
Transport PA Less than 0.58 hours p/week 436 69 31 0.698
0.58–2.33 hours p/week 436 72 28
More than 2.33 hours p/week 462 70 30
Domestic PA Less than 1.93 hours p/week 437 68 32 0.507
1.93–6 hours p/week 480 72 28
More than 6 hours p/week 452 71 29
Total weekly PA
Walking Less than 3 hours 364 70 30 0.841
3.1–9 hours 313 70 30
More than 9 hours 309 71 29Page 5 of 12
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with the presence of depressive symptoms was leisure-
time (p = 0.009). Women who reported walking or mod-
erate-intensity physical activity in leisure time were less
likely to be experiencing depressive symptoms (p = 0.027
and p = 0.048 respectively). For example, 22% of those
who reported more than 1.5 hours of moderate-intensity
leisure-time physical activity (i.e. the highest tertile) were
currently experiencing depressive symptoms, compared
with 31% of those reporting no moderate-intensity lei-
sure-time physical activity.
Being discouraged from physical activity and having no
one to exercise with were associated with an increased
presence of depressive symptoms (p = 0.002 and p =
0.037 respectively), whilst being a member of a sporting/
recreational club, having someone to walk with in the
neighbourhood and being active with a family member
were associated with a lower presence of depressive symp-
toms (p = 0.044, p = 0.037, and p = 0.011 respectively).
Table 3 shows the crude and adjusted OR and 95% CI
from logistic regression models predicting odds of depres-
sive symptoms according to physical activity variables.
Results from the unadjusted logistic regression models
predicting odds of depressive symptoms according to
duration of physical activity (summed across intensities)
within each domain, showed that compared to those in
the lowest tertile of leisure-time physical activity (i.e.
<0.67 hours/week leisure-time physical activity), those
Moderate Less than 3 hours 355 68 32 0.301
3.1–10 hours 320 70 30
More than 10 hours 319 73 27
Vigorous No vigorous PA 424 71 29 0.905
0.1–4 hours 365 70 30
More than 4 hours 215 71 29
Total overall Less than 8.5 hours 322 68 32 0.391
8.5–23 hours 307 73 27
More than 23 hours 315 70 30
Social Factor
Others discourage me from 
physical activity
Never/rarely 1138 72 28 0.002
Sometimes 171 61 39
Often 27 52 48
Have no one to exercise with Never/rarely 625 75 25 0.037
Sometimes 372 71 29
Often 175 66 34
Member of sporting club No 980 69 31 0.044
Yes 378 74 26
How often a family member is 
active with you
Never/rarely 519 65 35 0.011
A few times 444 72 28
Often 253 74 26
How often a friend is active 
with you
Never/rarely 755 69 31 0.285
A few times 294 67 33
Often 206 73 27
Have a dog you walk regularly No 989 70 30 0.578
Yes 373 71 29
Have someone to walk with in 
the neighbourhood
Agree 555 74 26 0.037
Other (than agree) 803 68 32
PA, physical activity; LTPA, leisure-time physical activity
Table 2: Proportion of women experiencing depressive symptoms by sociodemographic characteristics, physical activity dose, domain 
and social factors (Continued)Page 6 of 12
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Variable Category (p/week) Crude odds ratio 95% CI P value Adjusteda odds ratio Adjusteda 95% CI P value
LTPA
Walking No walking 1.00 1.00
0.1–1.5 hours 0.83 0.62–1.12 0.211 0.87 0.646–1.18 0.370
More than 1.5 hours 0.68 0.52–0.90 0.007 0.76 0.570–1.01 0.061
Moderate No moderate PA 1.00 1.00
0.1–1.5 hours 1.05 0.76–1.47 0.763 1.01 0.71–1.42 0.975
More than 1.5 hours 0.64 0.44–0.93 0.018 0.67 0.45–0.98 0.039
Vigorous No vigorous PA 1.00 1.00
0.1–1.75 hours 0.90 0.64–1.27 0.538 0.80 0.56–1.16 0.237
More than 1.75 hours 0.68 0.50–0.95 0.022 0.60 0.42–0.84 0.003
Total LTPA Less than 0.67 hours 1.00 1.00
0.67–3.5 hours 0.83 0.63–1.10 0.196 0.82 0.61–1.10 0.192
More than 3.5 hours 0.63 0.47–0.85 0.002 0.64 0.47–0.86 0.004
Work PA
Walking No walking 1.00 1.00
0.1–3.5 hours 1.03 0.74–1.43 0.866 0.91 0.65–1.28 0.583
More than 3.5 hours 1.08 0.78–1.49 0.658 0.96 0.69–1.35 0.825
Moderate No moderate PA 1.00 1.00
0.1–2.67 hours 1.05 0.76–1.46 0.766 0.97 0.67–1.37 0.854
More than 2.67 hours 1.03 0.74–1.43 0.868 0.95 0.67–1.34 0.762
Vigorous No vigorous PA 1.00 1.00
0.1–3 hours 1.21 0.85–1.70 0.289 1.11 0.78–1.59 0.569
More than 3 hours 1.26 0.87–1.81 0.219 1.07 0.73–1.58 0.732
Total work PA Less than 0.28 hours 1.00 1.00
0.28–7.33 hours 0.83 0.59–1.16 0.276 1.03 0.73–1.47 0.858
More than 7.33 hours 0.95 0.68–1.32 0.741 1.04 0.73–1.48 0.834
Transport PA Less than 0.58 hours 1.00 1.00
0.58–2.33 hours 0.89 0.66–1.19 0.414 0.81 0.60–1.10 0.181
More than 2.33 hours 0.97 0.73–1.29 0.833 0.90 0.67–1.21 0.509
Domestic PA Less than 1.93 hours 1.00 1.00
1.93–6 hours 0.85 0.64–1.13 0.253 0.92 0.68–1.23 0.560
More than 6 hours 0.90 0.67–1.19 0.441 1.05 0.77–1.42 0.783
Total weekly PA
Walking Less than 3 hours 1.00
3.1–9 hours 0.98 0.70–1.36 0.896 0.93 0.66–1.31 0.682
More than 9 hours 0.91 0.65–1.27 0.568 0.83 0.59–1.17 0.285
Moderate Less than 3 hours 1.00
3.1–10 hours 0.87 0.63–1.20 0.397 0.90 0.63–1.26 0.532
More than 10 hours 0.77 0.55–1.07 0.124 0.79 0.56–1.12 0.184
Vigorous No vigorous PA 1.00
0.1–4 hours 1.06 0.78–1.44 0.721 0.94 0.68–1.30 0.714
More than 4 hours 0.98 0.68–1.41 0.915 0.79 0.54–1.17 0.237
Total overall Less than 8.5 hours 1.00
8.5–23 hours 0.79 0.56–1.11 0.174 0.78 0.54–1.11 0.164
More than 23 hours 0.92 0.66–1.28 0.618 0.90 0.63–1.27 0.543
aAdjusted for age, marital status and physical health. PA, physical activity; LTPA, leisure-time physical activityPage 7 of 12
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odds of depressive symptoms (p = 0.002). Adjusting for
covariates had little effect on this association. No other
physical activity domain was associated with odds of
depressive symptoms in logistic regression models.
When examined according to specific physical activity
intensities, the unadjusted results showed that compared
to those who reported no walking in leisure time, those in
the highest walking tertile (>1.5 hours/week) had lower
odds of depressive symptoms (p = 0.007). However, this
association was only marginally significant when adjust-
ing for confounders. Compared to those who reported no
moderate leisure-time physical activity, adjusted results
showed that those in the highest tertile (>1.5 hours/week)
had lower odds of depressive symptoms (p = 0.039). Sim-
ilarly, compared with those who reported no vigorous lei-
sure-time physical activity, those in the highest tertile
(more than 1.75 hours/week) had lower odds of depres-
sive symptoms (p = 0.003).
There were no statistically significant associations
between work-related physical activity of any intensity,
and odds of depressive symptoms, in either unadjusted or
adjusted logistic regression models. There were also no
associations between total walking, moderate, vigorous or
overall physical activity (summed across all domains) and
odds of depressive symptoms.
Table 4 shows the crude and adjusted OR and 95% CI
from logistic regression models predicting odds of depres-
sive symptoms according to the social context of physical
activity. The unadjusted results indicate that compared to
those who reported never/rarely being discouraged from
physical activity, those who reported sometimes being
discouraged had higher odds of depressive symptoms (OR
= 1.6; p = 0.005), while those who reported often being
discouraged had even higher odds of depressive symp-
toms (OR = 2.4; p = 0.025).
Table 4: Crude and adjusteda odds of depressive symptoms according to the social context of physical activity.
Social factor Category Crude odds ratio 95% CI P Adjusteda odds ratio Adjusteda 95% CI P
Others discourage me Never/rarely 1.00 1.00
Sometimes 1.62 1.16–2.26 0.005 1.70 1.20–2.42 0.003
Often 2.39 1.11–5.15 0.025 2.28 1.00–5.16 0.049
No one to exercise with Never/rarely 1.00 1.00
Sometimes 1.25 0.94–1.66 0.134 1.16 0.86–1.56 0.333
Often 1.57 1.09–2.25 0.014 1.37 0.94–1.99 0.107
Member of a sporting 
club
No 1.00 1.00
Yes 0.76 0.58–0.99 0.045 0.76 0.57–1.01 0.061
How often a family 
member is active with 
you
Never/rarely 1.00 1.00
A few times 0.73 0.55–0.96 0.022 0.77 0.58–1.03 0.074
Often 0.64 0.46–0.90 0.009 0.61 0.43–0.87 0.007
How often a friend is 
active with you
Never/rarely 1.00 1.00
A few times 1.12 0.84–1.49 0.439 1.06 0.79–1.44 0.684
Often 0.82 0.58–1.15 0.248 0.83 0.58–1.19 0.315
Have a dog you walk 
regularly
No 1.00 1.00
Yes 0.93 0.71–1.20 0.578 0.94 0.71–1.23 0.633
Have someone to walk 
with in your 
neighbourhood
Agree 1.00 1.00
Other (than agree) 0.77 0.61–0.98 0.037 0.80 0.62–1.03 0.083
aAdjusted for age, marital status and physical health.Page 8 of 12
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and 2.3 respectively) in the adjusted analyses. Similarly in
the unadjusted models, compared with those who
reported being rarely/never active with a family member,
those who reported being active a few times per year with
a family member had lower odds of depressive symptoms
(OR = 0.73; p = 0.022), while those who reported often
being active with a family member had even lower odds
of depressive symptoms (OR = 0.64; p = 0.009). These
associations also changed only marginally (to OR = 0.77
and 0.61 respectively) after adjusting for covariates.
Compared to those who reported never/rarely having no-
one to exercise with, the unadjusted results showed that
those who often have no-one to exercise with had higher
odds of depressive symptoms (p = 0.014). Although the
adjusted results showed a similar trend, this was no longer
statistically significant after covariates were included in
the model. Being a member of a sporting club was signif-
icantly associated with lower odds of depressive symp-
toms before adjusting for confounders; however, this
association only approached significance in the adjusted
model (p = 0.061).
No association was evident between the frequency of hav-
ing a friend/colleague to exercise with and odds of depres-
sive symptoms, or having a dog to walk regularly and
odds of depressive symptoms in either unadjusted or
adjusted logistic regression analyses. Similarly, the
adjusted results indicate that those who agreed that they
have someone to walk with in the neighbourhood had
lower odds of depressive symptoms, but this was not sta-
tistically significant (p = 0.083).
Discussion
The hypothesized associations between overall physical
activity dose and odds of depressive symptoms were not
found in this study, as there were no significant associa-
tions between total walking, moderate, vigorous or overall
physical activity (i.e. across all domains) and odds of
depressive symptoms. These findings imply that it may
not be the physiological effects of physical activity that are
important in reducing the odds of depressive symptoms,
since, if this were the case, a stronger association of odds
of depressive symptoms with total dose (across all
domains) of physical activity would have been expected.
The only domain of physical activity found to be inversely
associated with odds of depressive symptoms was leisure-
time activity. When controlling for age, marital status and
physical health, those who reported more than 31/2
hours of total leisure time physical activity per week
(summed across intensities) had lower odds of depressive
symptoms when compared to those who undertook less
than this. In fact, no significant associations were found
between undertaking less than 3 1/2 hours of total weekly
leisure-time physical activity and odds of depressive
symptoms, suggesting that a high duration of leisure-time
physical activity may confer greater mental health bene-
fits. This finding supports the dose of physical activity rec-
ommended in the US, UK and Australian national
physical activity guidelines which suggest a minimum
duration of physical activity equivalent to 2 1/2 to 3 1/2
hours per week (at least 30 minutes on most, if not all
days of the week [17,18,50]. This is consistent with find-
ings from several observational [8,51] and intervention
studies [52,53] which found the public health dose of
exercise to be strongly associated with a lower risk of
depression. The Australian national physical activity
guidelines are based largely on evidence concerning ben-
efits for physical health. These findings suggest they could
be extended to mental health. Although other studies
have also found a shorter duration of physical activity to
be associated with lower risk of depression [14,19,54],
these studies used measures of physical activity and risk of
depression that differed from the current study. For exam-
ple, unlike the current study, the method used by Hass-
men et al [19] was unable to determine different
intensities or domains of physical activity.
When examining different intensities of leisure-time phys-
ical activity, the results showed reduced odds of depres-
sive symptoms amongst women in the highest tertiles of
moderate- and vigorous-intensity leisure-time physical
activity, but those performing vigorous-intensity physical
activity showed an even greater reduction in odds. These
findings are supported by previous studies that found a
strong association between undertaking higher durations
of moderate-intensity [9] or vigorous-intensity [51] phys-
ical activities and odds of depression. Findings from the
current study suggest that the greater the dose (intensity
and duration) of leisure-time physical activity, the lower
the odds of depressive symptoms. However, there was
also an inverse trend approaching significance between
depressive symptoms and walking, suggesting that vigor-
ous-intensity physical activity may not be necessary to
achieve the reduced odds of depressive symptoms associ-
ated with physical activity. Targeting physical activity of
specific intensities perhaps guided by personal preference
and enjoyment may be a point of consideration when pre-
scribing or recommending a dose of physical activity to
confer mental health benefits, as this may result in an
increased likelihood of maintenance of the training pro-
gram and consequently maintenance of reduced depres-
sive symptoms [55]. However, given there were strong
inverse associations of depressive symptoms with vigor-
ous activity, women should be encouraged to include at
least some activity of this intensity in their weekly physical
activity routine if possible.Page 9 of 12
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ity reduces risk of depression through physiological path-
ways – for instance, exercise may activate endorphin
secretion, which reduces pain and produces a euphoric
sensation [1]. However, the finding that leisure-time
physical activity was the only domain associated with
odds of depressive symptoms suggests some alternative
possible explanations, such as a sense of enjoyment or a
perceived control or choice when undertaking activities in
leisure-time that may be lacking when physical activity is
undertaken in domains other than leisure-time (i.e. work-
related, domestic, and transport-related). Alternatively,
the finding that different domains of physical activity
were differentially associated with odds of depression
could be attributed to recall difficulties, as leisure-time
physical activity may be more accurately recalled than
physical activity undertaken in other domains [56]. This
finding is in contrast to previous observational studies
[24,25] that did find weak correlations between physical
activity undertaken in other domains (domestic and
transport) and likelihood of depression. However, it was
difficult to interpret the results from those studies in terms
of optimal domain of physical activity for reducing likeli-
hood of depression, since in these studies, domain was
simply equated with intensity (eg. domestic physical
activity = low-intensity physical activity), yet physical
activities undertaken from the domestic domain are not
always of a low intensity, and not all low-intensity physi-
cal activity is necessarily domestic in nature [57]. Few
studies have examined the association between multiple
domains of physical activity and likelihood of depression.
However, concurrent with findings in this study, one pre-
vious observational study that compared leisure-time
physical activity with domestic and work-related physical
activity, found only leisure-time physical activity to be
inversely associated with depression [26].
The findings of the current study are generally consistent
with the social interaction hypothesis, which posits that
the improvements in mental health following exercise are
at least partly related to the mutual support and social
relationships that are provided when participating in
physical activity [27]. In the current study, lower social
support for physical activity (eg. being discouraged by
others) was associated with higher odds of depressive
symptoms, whilst greater social support (eg. being often
physically active with a family member) was associated
with lower odds of depressive symptoms. These findings,
however, are not consistent with one previous study of
men and women that suggested that physical activity was
associated with lower odds of depressive symptoms
regardless of the social format [22]. The sample in that
study differed from the current study (i.e. included both
men and women), which may explain the contrasting
results; women may value and benefit more from the
social aspects of physical activity more than men [58]. In
the present study, no association was seen between being
physically active with a friend/colleague, having no-one
to exercise with or having a dog to walk regularly and odds
of depressive symptoms. It may be that the support for
being physically active from family is more important for
mental health among women than support from other
sources.
Several limitations of this study should be acknowledged.
Firstly, the cross-sectional nature of the study did not
allow us to determine the causality or direction of rela-
tionships. For example, those without depressive symp-
toms may be more capable and motivated to participate
in physical activity. We were also unable to determine
whether the association between support for physical
activity and depressive symptoms is due to the social
aspect of the physical activity, or due to having a generally
more supportive social network. Further longitudinal and
intervention studies are needed to confirm the associa-
tions observed here, and also to investigate the mecha-
nisms by which physical activity might protect against risk
of depression. Such hypothesized mechanisms include
'distraction', whereby improvements in mental well-being
following exercise are due to diverting negative thoughts
and unpleasant stimuli during the activity [1]; or 'mas-
tery', whereby improvements following physical activity
are due to achieving goals and a feeling of success [1]. This
study relied on self-report measures which possess the
potential for error in judgement, recall difficulties and the
possibility of socially desirable responses. Nevertheless,
measures of depressive symptoms, physical activity and
social influences were valid and widely accepted [35,37-
40,42]. Finally, the response rate for the physical activity
survey was only 43.5%, whilst the response rate from
those who received the diet questionnaire first was 21.2%.
This is a potential limitation of our study as participants
who responded may be more interested in physical activ-
ity and possibly be more active than non-respondents.
However, comparison of physical activity levels of the
women in this study with those of Australian women
reported elsewhere [46] showed similar levels of activity
across the two samples.
Strengths of this study include the large, population-based
sample of participants who were generally representative
of Australian women in terms of both their physical activ-
ity levels and depressive symptoms [46,49]. Further, to
our knowledge, no previous research has compared lei-
sure-time, domestic, transport-related and work-related
physical activity with odds of depressive symptoms in the
same study, and few have examined the social context of
physical activity and its association with odds of depres-
sive symptoms. Therefore, this study provides a novel per-
spective on the optimal dose, domain and social contextPage 10 of 12
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in women.
Conclusion
In summary, acknowledging the need for confirmation of
causal effects, the results from this study suggest that pro-
moting a relatively high duration of leisure-time physical
activity could be an important strategy in the prevention
of depressive symptoms in women, with additional bene-
fits potentially resulting at higher intensities. Further-
more, programs aimed at reducing the odds of depressive
symptoms through the promotion of physical activity
could consider the potential for additional benefits asso-
ciated with physical activity undertaken in a social context
by developing strategies emphasizing social aspects of lei-
sure-time physical activity, such as walking groups or exer-
cise classes.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
MT performed the analyses and led the writing of the
manuscript. KB conceived of the study, participated in the
design, the survey development and helped to draft the
manuscript. JS contributed to the survey questionnaire
and helped to draft the manuscript. All authors read and
approved the final manuscript.
Acknowledgements
The study on which these data are based was funded by the National Heart 
Foundation of Australia, Ref G02M 0658. Kylie Ball is supported by a 
National Health and Medical Research Council Senior Research Fellowship, 
ID 479513. Jo Salmon is supported by a VicHealth Public Health Fellowship.
References
1. Paluska SA, Schwenk TL: Physical activity and mental health.
Sports Medicine 2000, 29:167-180.
2. Greden JF: The burden of recurrent depression: Causes, con-
sequences, and future prospects.  Journal of Clinical Psychiatry
2001, 62:5-9.
3. Weissman MM, Olfson M: Depression in women: Implications
for health care research.  Science 1995, 269:799-801.
4. Commonwealth Department of Health and Aged Care: National
health priority areas report: Mental health 1998.  Canberra,
Commonwealth Department of Health and Aged Care; 1999. 
5. Brosse AL, Sheets ES, Lett HS, Blumenthal JA: Exercise and the
treatment of clinical depression in adults.  Sports Medicine 2002,
32:741-760.
6. Saxena S, Ommeren MV, Tang KC, Armstrong TP: Mental health
benefits of physical activity.  Journal of Mental Health 2005,
14:445-451.
7. Craft LL, Perna FM: The benefits of exercise for the clinically
depressed.  Prim Care Companion J Clin Psychiatry 2004, 6:104-113.
8. Galper DI, Trivedi MH, Barlow CE, Dunn AL, Kampert JB: Inverse
association between physical inactivity and mental health in
men and women.  Medicine and Science in Sport and Exercise 2006,
38:173-178.
9. Brown WJ, Ford JH, Burton NW, Marshall AL, Dobson AJ: Prospec-
tive study of physical activity and depressive symptoms in
middle-aged women.  American Journal of Preventive Medicine 2005,
29:265-272.
10. Harris AHS, Cronkite R, Moos R: Physical activity, exercise cop-
ing, and depression in a 10-year cohort study of depressed
patients.  Journal of Affective Disorders 2006, 93:79-85.
11. Dunn AL, Trivedi MH, Kampert JB, Clark CG, Chambliss HO: Exer-
cise treatment for depression: Efficacy and dose response.
American Journal of Preventive Medicine 2005, 28:1-8.
12. Dimeo F, Bauer M, Varahram I, Proest G, Halter U: Benefits of aer-
obic exercise in patients with major depression: a pilot study.
British Journal of Sports Medicine 2001, 35:114-117.
13. Kull M: The relationship between physical activity, health sta-
tus and psychological well being of fertility-aged women.
Scandinavian Journal of Medicine and Science in Sports 2002, 12:241-247.
14. Brown WJ, Mishra G, Lee C, Bauman A: Leisure time physical
activity in Australian women: Relationship with well being
and symptoms.  Research Quarterly for Exercise and Sport 2000,
71:206-216.
15. Singh NA, Clements KM, Fiatarone MA: A randomized controlled
trial of progressive resistance training in depressed elders.  J
Gerontol A Biol Sci Med Sci 1997, 52A:M27-M35.
16. Norvell N, Martin D, Salamon A: Psychological and physiological
benefits of passive and aerobic exercise in sedentary middle-
aged women.  The Journal of Nervous and Mental Disease 1991,
179:573-574.
17. Commonwealth Department of Health and Aged Care: National
Physical Activity Guidelines for Australians.  Canberra, Com-
monwealth Department of Health and Aged Care; 1999. 
18. American College of Sports Medicine: .  In ACSM'S Guidelines for Exer-
cise Testing and Prescription 6th edition. Philadelphia, Lippincott Wil-
liams & Wilkins; 2000. 
19. Hassmen P, Koivula N, Uutela A: Physical exercise and psycho-
logical well-being: a population study in Finland.  Preventive
Medicine 2000, 30:17-25.
20. McLafferty C, Wetzstein C, Hunter G: Resistance training is asso-
ciated with improved mood in healthy older adults.  Perceptual
and Motor Skills 2004, 93:947-957.
21. Blumenthal JA, Babyak MA, Moore KA, Craighead WE, Herman S,
Khatri P, Waugh R, Napolitano MA, Forman LM, Appelbaum M,
Doraiswamy PM, Krishnan KR: Effects of exercise training on
older patients with depression.  Archives of Internal Medicine 1999,
159:2349-2356.
22. King AC, Taylor CB, Haskell WL: Effects of differing intensities
and formats of 12 months of exercise training on psycholog-
ical outcomes in older adults.  Health Psychology 1993,
12:292-300.
23. Doyne EJ, Ossip-Klein DJ, Bowman ED, Osborn KM, McDougall-Wil-
son IB, Neimayer RA: Running versus weight lifting in the treat-
ment of depression.  Journal of Consulting and Clinical Psychology
1987, 55:748-754.
24. Lampinen P, Heikkinen R, Ruoppila I: Changes in intensity of phys-
ical exercise as predictors of depressive symptoms among
older adults: An eight-year follow-up.  Preventive Medicine 2000,
30:371-380.
25. Ruuskanen JM, Ruoppila I: Physical activity and psychological
well-being among people aged 65 to 84 years.  Age and Ageing
1995, 24:292-296.
26. Mutrie N Hannah, M.K: The importance of both setting and
intensity of physical activity in relation to non-clinical anxiety
and depression.  International Journal of Health Promotion and Educa-
tion 2007, 45:24-32.
27. Ransford CP: A role for amines in the antidepressant effect of
exercise: a review.  Med Sci Sports Exerc 1982, 14(1):1-10.
28. Ball K, Crawford D, Mishra G: Socio-economic inequalities in
women's fruit and vegetable intakes: a multilevel study of
individual, social and environmental mediators.  Public Health
Nutrition 2006, 9:623-630.
29. Ball K, Timperio A, Salmon J, Giles-Corti B, Roberts R, Crawford D:
Personal, social and environmental determinants of educa-
tional inequalities in walking: A multilevel study.  Journal of Epi-
demiology and Community Health 2007, 61:108-114.
30. Australian Bureau of Statistics: Census of population and hous-
ing: Socio-economic indexes for areas (SEIFA).  Canberra,
Australian Bureau of Statistics; 2003. 
31. Sternfeld B, Quesenberry CPJ, Eskenazi B, Newman LA: Exercise
during pregnancy and pregnancy outcome.  Medicine and Sci-
ence in Sport and Exercise 1995, 27:634-640.Page 11 of 12
(page number not for citation purposes)
International Journal of Behavioral Nutrition and Physical Activity 2008, 5:27 http://www.ijbnpa.org/content/5/1/27Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
32. Evenson K, Siega-Riz A, Savitz D, Leiferman J, Thorp JJ: Vigorous lei-
sure activity and pregnancy outcome.  Epidemiology 2002,
13:653-659.
33. Bennett HA, Einarson RN, Taddio A, Koren G, Einarson TR: Preva-
lence of depression during pregnancy: Systematic review.
Obstetrics & Gynecology 2004, 103:698-709.
34. Dillman DA: Mail and telephone surveys: The total design
method.  New York, Wiley; 1978. 
35. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ains-
worth BE, Pratt M, Ekelund U, Yngve A, Sallis JF, Oja P, and the IPAQ
consensus group and the IPAQ reliability and validity study group :
International physical activity questionnaire (IPAQ): 12-
country reliability and validity.  Medicine and Science in Sport and
Exercise 2003, 35:1381-1395.
36. Brown W, Bauman A, Timperio A, Salmon J, Trost S: Measurement
of physical activity: Reliability, comparison and validity of
self-report surveys: Summary and recommendations.  Can-
berra, Commonwealth Department of Aging; 2002. 
37. Giles-Corti B, Donovan R: Socioeconomic status differences in
recreational physical activity levels and real and perceived
access to a supportive physical environment.  Preventive Medi-
cine 2002, 35:601-611.
38. Sallis JF, Grossman RM, Pinski RB, Patterson TL, Nader PR: The
development of scales to measure social support for diet and
exercise behaviors.  Preventive Medicine 1987, 16:825-836.
39. Brownson R, Baker E, Housemann R, Brennan L, S. B: Environmen-
tal and policy determinants of physical activity in the United
States.  American Journal of Public Health 2001, 91:1995-2003.
40. Giles-Corti B, Donovan R: The relative influence of individual,
social and physical environment determinants of physical
activity.  Social Science and Medicine 2002, 54:1793-1812.
41. Goldberg DP Williams, P.A.: The detection of psychiatric illness
by questionnaire.  London, Oxford University Press; 1972. 
42. Goldberg DP, Williams PA: A users guide to the general health
questionnaire.  Windsor, NFER-Nelson Publishing; 1988. 
43. Thirlaway K, Benton D: Participation in physical activity and
cardiovascular fitness have different effects on mental health
and mood.  Journal of Psychosomatic Research 1992, 36:657-665.
44. Goldberg D, Williams P: A user's guide to the general health
questionnaire.  Windsor, NFER-Nelson; 1991. 
45. Australian Bureau of Statistics: 'Melbourne (major statistical
region), 20680-Social Marital Status by Age by Sex - Mel-
bourne, Table'.  . http://www.censusdata.abs.gov.au/ABSNaviga-
tion/prenav/
ViewData?bread-
crumb=TLPD&method=Place%20of%20Usual%20Residence&subac-
tion=1&issue=2006&producttype=Census%20Tables&documentpro
ductno=21&textversion=false&documenttype=Details&collec-
tion=Census&javascript=true&topic=Marriage/Partnering/Separa-
tion/
Divorce&action=404&productla-
bel=Social%20Marital%20Status%20by%20Age%20by%20Sex&order=
1&period=2006&tabname=Details&areacode=21&navmapdis-
played=true&
46. Armstrong T, Bauman A, Davies D: Physical Activity Patterns of
Australian Adults. Results of the 1999 National physical
activity survey.  Canberra, Australian Institute of Health and Wel-
fare; 2000. 
47. Australian Bureau of Statistics: 'Melbourne (major statistical
region), 20680-Occupation - 2006 ANZSCO (major groups)
by Sex - Melbourne, Table'.  . http://www.censusdata.abs.gov.au/
ABSNavigation/prenav/ViewData?bread-
crumb=TLPD&method=Place%20of%20Usual%20Residence&subac-
tion=1&issue=2006&producttype=Census%20Tables&documentpro
ductno=21&textversion=false&documenttype=Details&collec-
tion=Census&javascript=true&topic=Occupation&action=404&pro-
ductlabel=Occupation%20-
%202006%20ANZSCO%20(major%20groups)%20by%20Sex&order=
1&period=2006&tabname=Details&areacode=21&navmapdis-
played=true&
48. Australian Bureau of Statistics: 'Melbourne (major statistical
region), 20680-Country of Birth of Person by Sex - Mel-
bourne, Table'.  . http://www.censusdata.abs.gov.au/ABSNaviga-
tion/prenav/
ViewData?bread-
crumb=TLPD&method=Place%20of%20Usual%20Residence&subac-
tion=1&issue=2006&producttype=Census%20Tables&documentpro
ductno=21&textversion=false&documenttype=Details&collec-
tion=Census&javascript=true&topic=Birthplace&action=404&pro-
ductlabel=Country%20of%20Birth%20of%20Person%20by%20Sex&o
rder=1&period=2006&tabname=Details&areacode=21&navmapdis-
played=true&
49. Department of Human Services: The Victorian population health
survey.  Victoria, Department of Human Services; 2004. 
50. Department of Health Physical Activity Health Improvement and Pre-
vention: At least five a week.  London, Crown; 2004. 
51. Wise LA, Adams-Cambell LL, Palmer JR, Rosenberg L: Leisure-time
physical activity in relation to depressive symptoms in the
black women's health study.  Ann Behav Med 2006, 32:384-392.
52. Cramer SR, Nieman DC, Lee JW: The effects of moderate exer-
cise training on psychological well-being and mood state in
women.  Journal of Psychosomatic Research 1991, 35:437-449.
53. Nabkasorn C, Miyai N, Sootmongkol A, Junprasert S, Yamamoto H,
Arita M, Miyashita K: Effects of physical exercise on depression,
neuroendocrine stress hormones and physiological fitness in
adolescent females with depressive symptoms.  European Jour-
nal of Public Health 2005, 16:179-184.
54. Paffenbarger RS, Lee IM, Leung R: Physical activity and personal
characteristics associated with depression and suicide in
American college men.  Acta Psychiatrica Scandinavica 1994:16-22.
55. Trost SG, Owen N, Bauman AE, Sallis JF, Brown W: Correlates of
adults participation in physical activity: review and update.
Medicine and science in sport and exercise 2002, 34:1996-2001.
56. Timperio A, Salmon J, Bull F, Rosenberg M: Validation of Physical
Activity Questions for use in Australian Population Surveys.
Canberra, Commonwealth Department of Ageing; 2002:25-27. 
57. Gunn SM, Brooks AG, Withers RT, Gore CJ, Owen N, Booth ML,
Bauman AE: Determining the energy expenditure during
some household and garden tasks.  Medicine and Science in Sport
and Exercise 2002, 34:895-902.
58. Ball K, Bauman A, Leslie E, Owen N: Perceived environmental
aesthetics and convenience, and company are associated
with walking for exercise in Australian adults.  Preventive Medi-
cine 2001, 33:434-440.Page 12 of 12
(page number not for citation purposes)
